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THE GENERATION OF ELECTRICAL OSCILLATIONS I N  

CADMIUM SULFIDE MONOCRYSTALS 

S t .  Kunev, K r .  Marinova and N. Zhilov 

ABSTRACT 

Results of t e s t s  on the appearance of e l e c t r i c  o s c i l l a -  

t i o n s  i n  cadmium su l f ide  monocrystals show t h a t  i r r a d i a t i o n  

of t he  c r y s t a l s  with infrared l i g h t  a f f e c t s  appearance, form 

and amplitude of current o s c i l l a t i o n s .  Two types of c r y s t a l s  

r e s u l t :  those  wi th  l i n e a r  volt-ampere c h a r a c t e r i s t i c s ,  and 

those wi th  sa tu rab le  volt-ampere c h a r a c t e r i s t i c s .  r4-u 
- 

The proper t ies  of cadniucl su l f ide  nosocrys ta l  showiri o s c i l l a t i o n  of 

the  photocurrent have long been known. It i s  mentioned i n  works of o t h e r  re -  

searchers ,  o r  i n  s h o r t  announcements already published (refs. 1, 2, 3 and 4) .  It 

has been es tab l i shed  t h a t  t h i s  o s c i l l a t i o n  i s  poss ib l e  when the  proper constant 

tens ion  i s  applied t o  a c r y s t a l  stimulated wi th  l i g h t  w i th  d e f i n i t e  i n t e n s i t y .  

The generation of e l e c t r i c  v ibra t ions  i n  the  dark appear i n  s t ronge r  e l e c t r i c a l  

f i e l d s  and lower temperature ( r e f .  4). 

v ib ra t ions  can be unceasing per iodic  with frequency wi th in  t h e  l i m i t s  of 0.1 t o  

Under bet ter  se l ec t ed  conditions,  t h e  

seve ra l  hundred "cps." According t o  references 2 and 4, f o r  t he  cur ren t  

* 
Numbers given i n  t h e  margin ind ica t e  the  pagination i n  t h e  o r i g i n a l  fore ign  

t e x t .  
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o s c i l l a t i o n  i n  the  c r y s t a l  it i s  e s s e n t i a l  t o  have t h e  presence of a nonlinear 

volt-ampere characteristicand t h e p r o p r  corresponding condition i n  t h e  e lec t rode  

layers. 

S imi la r  generations have been observed i n  o the r  semiconductors, such as 

CdSe (refs. 2, 5 and 6), G e  (ref. 7) and S i  (ref. 8). 

are t h e  e l e c t r i c  v ibra t ions  i n  CdSe. The present  pub l i ca t ion  presents  t h e  re- 

s u l t s  of f u r t h e r  studying the  processes of t h e  generation of e l e c t r i c a l  vibra- 

t i o n s  i n  CdS monocrystals. Some b a s i c  dependencies are es tab l i shed  which 

charac te r ize  t h e  phenomenon, and t h e  methods of working with the  c r y s t a l s  i n  such 

a way t h a t  they  can always show generation a r e  described. 

f o r  the  p r a c t i c a l  u t i l i z a t i o n  of the  phenomenon are discussed. 

S imi la r  i n  nature t o  CdS 

Some p o s s i b i l i t i e s  

Resul t s  of the  Measurements 

Monocrystals with a length of 1-7 mm obtained by F r e r i c k ' s  method w e r e  used. 

The e l ec t rodes  were applied a t  few mm on one of t h e  sur faces  of t h e  c r y s t a l  

through cathode dusting (Au, Cu), evaporation i n  vacuum (Au, (5, I n )  or through 

l u b r i c a t i o n  ( G a ) .  The crys- 

t a l s  could be i l luminated simultaneously wi th  extinguishing in f r a red  l i g h t  or 

The samples were subjected t o  tens ion  of 0-800 V. 

w i th  s t imula t ing  l i g h t  obtained wi th  t h e  proper monochromator. 

some previous works (refs. 2, 3 and 4) important f a c t o r s  i n  observing t h e  

phenomenon are the  e l e c t r i c  f i e l d  and the  s t imula t ing  l i g h t ,  which a f f e c t  t h e  

frequency, amplitude and form of t h e  generations.  However, we es tab l i shed  t h a t  

t h i s  p lays  a very e s s e n t i a l  and special  r o l e  i n  t h e  studied phenomenon. 

According t o  

/6 

A bigger  

part  of t h e  generating crystals need i r r a d i a t i o n  wi th  in f r a red  l i g h t ,  which 

causes generation. I n  the  remaining p a r t  of t h e  generating c r y s t a l s ,  o s c i l l a -  

t i o n s  without i n f r a red  l i g h t  appear only wi th  s m a l l  i n t e n s i t y  of the  s t imula t ing  

l i g h t ,  o r  i n  t h e  dark. With s t ronger  i l lumina t ion ,  even they  need i n f r a r e d  l i g h t .  
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It should be emphasized t h a t  the inf ra red  ac t ion  should not be t r e a t e d  only 

as a f a c t o r  which (because of i t s  extinguishing ac t ion )  decreases t h e  number of 

free e lec t rons ,  thus ac t ing  contrary t o  t h e  s t imula t ing  l i g h t .  T e s t s  show t h a t  

if i n  a given cur ren t  through the  c rys t a l  and i n  t h e  presence of s t imula t ing  l i g h t  

and of i n f r a red  l i g h t ,  t h e r e  i s  o s c i l l a t i o n ,  then ,wi th  t h e  same curren t  but with- 

ou t  in f ra red  l i g h t  obtained through corresponding reduction of the  i n t e n s i t y  of 

t h e  v i s i b l e  l i g h t ,  t he re  i s  no o s c i l l a t i o n .  

t h e  o s c i l l a t i o n  frequency on t h e  current through t h e  c r y s t a l ,  i n  which t h e  applied 

tens ion  and i n t e n s i t y  of t h e  st imulating l i g h t  are constant, and only t h e  inten- 

s i t y  i s  changeable. 

i s  very strong. 

Figure 1 shuws the  dependence of 

There i s  no o s c i l l a t i o n  as long as the  in f r a red  i n t e n s i t y  

From the given value of t h e  i n t e n s i t y  downward the re  appear o s c i l l a t i o n s  

wi th  s m a l l  amplitude and assymmetric form. 

t h e  frequency of t i e  o s c i l l a t i o n s  drops quickly, but t h e i r  amplitude grows. 

p l a t eau  i s  reached a t  which the  frequency i s  not changed by the  decrease i n  

in f r a red  l i g h t .  Here t h e  o s c i l l a t i o n s  are most s t a b l e  and rnost symmetric and 

have maximum amplitude. 

With the  decrease of i n f r a red  l i g h t ,  

A 

With the  f u r t h e r  decrease of i n f r a red  l i g h t ,  t h e  
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frequency of the  o s c i l l a t i o n s  grows again, t h e  nmplitude decreases, and t h e  form 

i s  spoi led  u n t i l  t he  generations stop a t  t he  same frequency from which they have 

s t a r t e d .  

It i s  c l e a r  t h a t  i n  constant i n t e n s i t y  of t h e  s t imula t ing  l i g h t  t he re  i s  an 

optimal in f ra red  l i g h t  value i n  which are obtained the  most stable generations 

wi th  m a x i m u m  amplitude. 

t h e  i n t e n s i t y  of t h e  st imulating l i g h t  a t  constant tension i s  s t ronger ,  and it 

i s  smaller i f  t h e  applied tension i s  higher. 

Measuring showed t h a t  t h i s  optimal value i s  bigger when 

In f ra red  l i g h t  causing t h e  described ac t ion  covers i n t e r v a l s  wi th  t h e  

wavelength between 800 and 1600 mm and wi th  maximum ac t ion  about 800-900 m a .  

This i s  exac t ly  the  l i g h t  with well-expressed extinguishing action. 

The dependence of t h e  frequency of t he  o s c i l l a t i o n  on t h e  i n t e n s i t y  of t h e  

s t imula t ing  l i g h t  with in f r a red  i l lumination i s  l i n e a r  ( f ig .  2 ) ,  but the  i n t e r v a l  

i n  which the  i n t e n s i t y  of t he  st imulating l i g h t  can change i s  i n  t h i s  case very 

s m a l l .  

l i g h t .  

l i g h t  is a l s o  changed so t h a t  it can always have o p t i m a l  value, t he  i n t e r v a l  

i n  which t h e  i l lumina t ion  can change without stopping t h e  o s c i l l a t i o n  becomes 

s i g n i f i c a n t l y  longer. 

I n  a given i n t e n s i t y ,  t h e  o s c i l l a t i o n s  s t o p  due t o  l ack  of i n f r a red  

If simultaneously wi th  t h e  change of t h e  s t imula t ing  l i g h t  t he  in f r a red  

Figure 3 shows t h a t  t h e  frequency of t h e  o s c i l l a t i o n s  decreases s t rong ly  

as t h e  tens ion  increases .  

without i n t e r rup t ing  the  osc i l l a t ions ,  and i n  order  t o  maintain a d e f i n i t e  form 

and maximum amplitude, t h e  i n t e n s i t y  of t h e  in f r a red  l i g h t  should be  changed, 

s ince  i t s  optimal value depends on the tension. The amplitude of t h e  o s c i l l a -  

t i o n  grows s l i g h t l y  wi th  the  increase of t he  tens ion  (up t o  3 t i m e s  i n  t h e  i n -  

t e r v a l  of 100-800 v ) .  

I n  order t o  change the  tens ion  i n  a long i n t e r v a l  

4 



Figure 2 

Since t h e  i l lumina t ion  and tension a c t  cont ra ry  upon L e  frequency of t he  

o s c i l l a t i o n ,  one and t h e  same frequency can be obtained wi th  most various 

co r re l a t ions  of t he  i l lumina t ion  and tension, and the re fo re  i n  e s s e n t i a l l y  

d i f f e r e n t  photocurrents through the c r y s t a l .  

I n  a l l  studied p a t t e r n s  it w a s  established t h a t  higher tens ions  are 

necessary f o r  the  c r y s t a l  t o  generate under s t ronger  i l lumination. 
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Studies  and research of t h e  spectral dependence of t he  o s c i l l a t i o n  frequency 

have shown t h a t  during i r r a d i a t i o n  with monochromatic l i g h t  wi th  a wavelength 

i n  the  area of t he  bas ic  absorption o f  i n f r a red  l i g h t ,  stable o s c i l l a t i o n s  

appear wi th  a frequency which almost... 

t i o n  ( f ig .  4).  

appear unstable and i r r e g u l a r  form o s c i l l a t i o n s  whose frequency decreases as 

the  wavelength increases.  

area of t he  admixtured absorption, i n  none of t h e  studied p a t t e r n s  w a s  genera- 

t i o n  observed, even when the  i n t e n s i t y  of t h e  l i g h t  and t h e  adequate photo- 

cur ren t  w e r e  very strong. This shows t h a t  t h e  l ack  of generation i n  t h e  l a s t  

case should not be sought i n  t h e  d i f fe rence  between t h e  concentration of  t h e  

conductors i n  i l lumina t ing  wi th  s t rongly  absorbing l i g h t ,  and l i g h t  w i t h  g r e a t  

wavelength. It seems very probable t h a t  for t h e  appearance of generations,  an 

essential .  p a r t  i s  played by t h e  separate higher areas of  t h e  c r y s t a l ' s  surface,  

which when stimulated and,in t h e  volume of t h e  crystal,move and o s c i l l a t i o n s  do 

not appear. Other tests show t h a t  f o r  t he  o s c i l l a t i o n  the  s i d e  from which t h e  

c r y s t a l  is  illuminated i s  e s s e n t i a l .  If t h e  i l lumina t ion  i s  done on t h e  

oppos i te  s ide  of t h e  c r y s t a l  (where e lec t rodes  are not p re sen t )  it does not 

generate. 

/8 
a n d w i t h  t h e  a c t i v i t y  of t h e  i r r a d i a -  

Between 495 and 310 mm the re  exists a t r a n s i t i o n a l  area i n  which 

When the c r y s t a l  w a s  i l luminated wi th  l i g h t  f r o m  t h e  

To check whether t h e  presence of nonlinear voltamperecharacterist ics i s  a 

necessary condition f o r  generations,  t he  c h a r a c t e r i s t i c s  of most of t h e  t e s t e d  

p a t t e r n s  were measured. 

volt-ampere character is t ic ,a l lcrystals  studied by us can be divided i n t o  2 

groups. 

It w a s  established thatldepending on t h e  kind of 

I n  the  f irst  group are the  c rys t a l s  which,when i n  t h e  dark o r  w i th  small 

i n t e n s i t y  of s t imula t ing  l i g h t  show sa tu ra t ion  of t h e  cur ren t ,  a t  least  i n  one 



. 

of t h e  d i r ec t ions  of t h e  applied tension. Almost all c r y s t a l s  wi th  such 

sa tu ra t ing  c h a r a c t e r i s t i c s  generate, but o s c i l l a t i o n s  of the cur ren t  are observed 

only i n  the  d i r e c t i o n  i n  which sa tura t ion  appears, be2  r n ~ - 4  g? s,- 
t L  s a t u t a t < , ,  ? < + y  rc \ S .  i d  

,;.K (. L. < A  

The second group of generating c r y s t a l s  have i n  all cases l i n e a r  volt-ampere 

c h a r a c t e r i s t i c s .  This shows t h a t  the nonlinear c h a r a c t e r i s t i c s  of t h e  volt-ampere 

i s  not a necessary condition f o r  generation. 

All dependencies given above f o r  t h e  frequency of t h e  o s c i l l a t i o n  refer t o  

t h e  second group of c r y s t a l s .  The c r y s t a l s  of t h e  f irst  type compared with those 

of t he  second type show some differences.  For example, the optimal value of 

in f r a red  l i g h t  does not depend on the appl ica t ion  of tens ion  upon t h e  pa t t e rn ,  

and t h e  frequency of t h e  o s c i l l a t i o n  does not decrease, but grows wi th  the  

increase  of t h e  i n t e n s i t y  of t h e  st imulating l i g h t ,  as w e l l  as wi th  t h e  increase  

of t h e  tens ion  ( f ig .  5 ) .  

There are some reasons (refs. 9, 10 and 11) according t o  which t h e  observed 

and studied o s c i l l a t i o n s  of the currency i n  t h e  c r y s t a l s  of t he  second group are 

caused by plasma-like processes which start  under d e f i n i t e  conditions i n  t h e  

semiconductors. If such processes r e a l l y  appear i n  t h e  c r y s t a l ,  then i n  t h e  

c r y s t a l  t he re  should be created a strong f i e l d  area,  which moves the  cathode t o  

/9 the  anode, o r  pu lses  near an average s i t u a t i o n .  

i n  t h e  d i s t r i b u t i o n  of t h e  p o t e n t i a l  on t h e  c r y s t a l ,  which should be c e r t i f i e d  

This l eads  t o  a change 

through t h e  d r i l l  method f o r  measuring t h e  p o t e n t i a l .  

/10 The tests show t h a t  i n  t h e  regime of o s c i l l a t i o n  ( r *-0.5 c p S )  t h e  

p o t e n t i a l  i n  almost every po in t  of the c r y s t a l  o s c i l l a t e s  wi th  the  frequency of 

t h e  currency v ib ra t ions ,  the  amplitude of these  o s c i l l a t i o n s  being the  g r e a t e s t  

i n  some areas of the  c r y s t a l ' s  surface. 

7 
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Figure 4 

The measurings of the pace of t h e  p o t e n t i a l  on the  sur face  of t h e  c r y s t a l  

of t h e  second type shows t h e  following: 

c r y s t a l s  t he re  i s  a t  least one spot  i n  which t h e  change of t h e  p o t e n t i a l  i s  

much s t ronger  than i n  the  remaining p a r t  of t h e  c r y s t a l .  

f i e l d  i n  t h i s  a r e a  can be from 5 t o  100 t i m e s  bigger than t h e  average s t r eng th  

of t he  f i e l d  i n  homogeneous crystal. 

on the  sur face  of all generating 

The s t r eng th  of t h e  

These r e s u l t s  show t h a t  i n  order t o  have generations it i s  necessary t o  

c rea t e  on the  c r y s t a l ' s  surface a narrow homogeneous a rea  upon which a 

8 



s i g n i f i c a n t  p a r t  of the  tens ion  should fa l l .  

w a s  made t o  c rea t e  a r t i f i c i a l l y  nonhomogeneities upon the  c rys t a l s .  

purpose, a narrow s t r i p  of t h e  c r y s t a l ' s  sur face  (about one hundEd 

applied t o  Cu by cathode dusting, or through evaporation i n  vacuum f o r  10-20 

seconds. 

w e r e  heated i n  a hydrogen atmosphere at about 300°C f o r  13-25 minutes. 

c r y s t a l s  thus  t r e a t e d  began t o  generate. 

showed t h a t  on t h e  spot where the  copper w a s  applied t h e r e  exists an a r c  with 

strong f i e l d  ( f ig .  6). 

I n  order  t o  check t h i s ,  an attempt 

For t h i s  

wide) w a s  

I n  order  f o r  t h e  copper t o  pene t r a t e  i n s ide  t h e  c r y s t a l ,  t h e  samples 

All 

Studies of t h e  p o t e n t i a l  d i s t r i b u t i o n  

I n  the  process of t h e  work, i n  order t o  increase  the  c r y s t a l s '  s e n s i t i v i t y ,  

they w e r e  heated i n  hydrogen atmosphere at 500°C f o r  about 20 minutes. 

noticed t h a t  t h e  percentage of t h e  generating c r y s t a l s  w a s  simultaneously in-  

creased (about 50 percent).  

d i f f e rence  i n  the  p o t e n t i a l  on t h e  c r y s t a l ' s  surface,  before and after treat- 

ment i n  hydrogen atmosphere ( f i g .  7). 

It w a s  

It w a s  es tab l i shed  that t h e r e  i s  a s i g n i f i c a n t  

The treatment i n  hydrogen leads  t o  forma- 

t i o n  of nonhomogeneous areas due t o  the nonhomogeneous absorption, and the  

c r y s t a l  becomes generating. 

w 

' Y  
n 
P 

Ga __c CU Ga 
X 

Figure 6 
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Figure 7 

Based on the  obtained r e g u l a r i t i e s  and p rope r t i e s  of t h e  generating mono- 

c r y s t a l s ,  it can be sa id  t h a t  t h e  studied phenomena a r e  also of p r a c t i c a l  

/11 i n t e r e s t .  It o f f e r s  a chance f o r  work d i r ec t ed  toward t h e  c rea t ion  of 

simple and miniature photo-conducting generators f o r  l o w  frequencies,  i n  which 

one can change the  frequency and the  amplitude of t h e  cur ren t  v ibra t ion .  

The tests showed t h a t  t h e  c rea t ion  of  an ind ica to r  f o r  i n f r a red  l i g h t ,  o r  

of preventa t ive  and guarding formation, can be a r e s u l t  of t h e  app l i ca t ion  of 

t h e  photo-conducting generator. 

such a c r i t i c a l  regime t h a t  t he  smallest decrease i n  t h e  i n t e n s i t y  of t h e  

For t h i s  purpose the  generator i s  placed i n  

i n f r a red  l i g h t  ( f o r  example, 5-10 percent ) ,  caused by in f r a red  rays being 

crossed by moving objec t ,  l eads  t o  t h e  beginning of generation and t o  s t rong  

sound s i g n a l  if t h e  c r y s t a l  i s  connected with the corresponding sound system. 

To expla in  t h e  obtained results, one could use t h e  t h e o r e t i c a l  deductions 

i n  references 9 ,  10 and 11. I n  our opinion, however, the  complication of t h e  

processes,  t h e i r  g r e a t  v a r i e t y  and t h e  s t i l l  i n s u f f i c i e n t  experimental material 

do not g ive  a t  present  good p o s s i b i l i t i e s  f o r  a s a t i s f a c t o r y  and s u f f i c i e n t l y  

complete explanation. 
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